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@  Improvements  relating  to  optical  wavelength-selective  arrangements. 

®  An  optical  wavelength-selective  arrangement  which  com- 
prises  an  optical  fibre  input/output  assembly  formed  by  a  plu- 
rality  of  optical  fibres  having  co-planar  end  faces  in  close  proxi- 
mity  with  one  another  and  defining  a  circular  or  similar  array 
and  an  end  face  circumvented  by  said  circular  array,  lens 
means  optically  aligned  with  the  end  faces  of  the  optical  fibres 
for  collimating  light  emerging  from  any  of  said  end  faces  or  for 
focusing  light  on  to  selected  optical  fibre  end  faces  and  a  group 
of  wavelength-selective  filters  located  on  the  side  of  the  lens 
means  remote  from  the  array  of  optical  fibre  end  faces  and  indi- 
vidually  angularly  positioned  relative  to  the  optical  axis  of  the 
lens  means  so  as  to  cause  light  of  different  wavelengths  emer- 
ging  from  the  lens  means  to  be  selectively  reflected  back 
through  the  latter  and  focused  thereby  on  to  one  or  more  se- 
lected  end  faces  of  the  optical  fibres. 



T h i s   i n v e n t i o n   r e l a t e s   to  o p t i c a l   w a v e l e n g t h - s e l e c t i v e  

a r r a n g e m e n t s   s u c h   as  may  be  used   f o r   w a v e l e n g t h   d i v i s i o n  

m u l t i p l e x i n g / d e - m u l t i p l e x i n g   a r r a n g e m e n t s   and  is  d i r e c t e d  

p r i n c i p a l l y   to  i m p r o v i n g   t he   o v e r a l l   e f f i c i e n c y   a n d  

c o m p a c t n e s s   of  such   o p t i c a l   w a v e l e n g t h - s e l e c t i v e  

a r r a n g e m e n t s   e m b o d y i n g   o p t i c a l   f i b r e s .  

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d  

an  o p t i c a l   w a v e l e n g t h - s e l e c t i v e   a r r a n g e m e n t   c o m p r i s i n g   a n  

o p t i c a l   f i b r e   i n p u t / o u t p u t   a s s e m b l y   f o r m e d   by  a  p l u r a l i t y  

of   o p t i c a l   f i b r e s   h a v i n g   c o - p l a n a r   end  f a c e s   in  c l o s e  

p r o x i m i t y   w i t h   one  a n o t h e r   and  d e f i n i n g   a  c i r c u l a r   o r  

s i m i l a r   a r r a y   and  an  end  f a c e   c i r c u m v e n t e d   by  s a i d   c i r c u l a r  

a r r a y ,   l e n s   means   o p t i c a l l y   a l i g n e d   w i t h   t he   end  f a c e s   o f  

t h e   o p t i c a l   f i b r e s   f o r   c o l l i m a t i n g   l i g h t   e m e r g i n g   f rom  a n y  

of  s a i d   end  f a c e s   or  f o r   f o c u s i n g   l i g h t   on  to  s e l e c t e d  

o p t i c a l   f i b r e   end  f a c e s   and  a  g r o u p   of  w a v e l e n g t h - s e l e c t i v e  

f i l t e r s   l o c a t e d   on  the   s i d e   of  t he   l e n s   means   r e m o t e   f r o m  

t h e   a r r a y   of  o p t i c a l   f i b r e   end  f a c e s   and  i n d i v i d u a l l y  

a n g u l a r l y   p o s i t i o n e d   r e l a t i v e   to  the   o p t i c a l   a x i s   of  t h e  

l e n s   means   so  as  to  c a u s e   l i g h t   of  d i f f e r e n t   w a v e l e n g t h s  

e m e r g i n g   f rom  the   l e n s   means   to  be  s e l e c t i v e l y   r e f l e c t e d  

b a c k   t h r o u g h   the   l a t t e r   and  f o c u s e d   t h e r e b y   on  to  one  o r  

more  s e l e c t e d   end  f a c e s   of  the   o p t i c a l   f i b r e s .  



When  t h e   a r r a n g e m e n t   a c c o r d i n g   to  the   i n v e n t i o n   i s  

u s e d   as  an  o p t i c a l   w a v e l e n g t h   d i v i s i o n   m u l t i p l e x e r /  

d e - m u l t i p l e x e r   a r r a n g e m e n t ,   l i g h t   of  d i f f e r e n t   w a v e l e n g t h s  

e m e r g i n g   f rom  t h e   r e s p e c t i v e   o p t i c a l   f i b r e   end  f a c e s  

d e f i n i n g   t h e   c i r c u l a r   a r r a y   w i l l   be  c o l l i m a t e d   by  t he   l e n s  

means   and  d i r e c t e d   on  to  the   g r o u p   of  a n g l e d   w a v e l e n g t h -  

s e l e c t i v e   f i l t e r s   w h i c h   w i l l   r e f l e c t   t he   l i g h t   of  d i f f e r e n t  

w a v e l e n g t h s   b a c k   i n t o   t he   l e n s   means   in  a p p r o p r i a t e  

d i r e c t i o n s   r e l a t i v e   to  t h e   o p t i c a l   a x i s   of  t h e   l e n s   m e a n s  

and  f o c u s e d   by  t he   l e n s   means   on  to  t he   a f o r e s a i d  

c i r c u m v e n t e d   o p t i c a l   f i b r e   end  f a c e .   In  t he   c a s e   of  a  

d e - m u l t i p l e x i n g   o p e r a t i o n ,   l i g h t   of  mixed   w a v e l e n g t h s  

e m e r g i n g   f rom  t h e   c i r c u m v e n t e d   o p t i c a l   f i b r e   end  f a c e   w i l l  

be  c o l l i m a t e d   by  t he   l e n s   means   and  d i r e c t e d   on  to  t h e  

g r o u p   of   w a v e l e n g t h - s e l e c t i v e   f i l t e r s   wh ich   w i l l  

r e s p e c t i v e l y   r e f l e c t   l i g h t   of  d i f f e r e n t   w a v e l e n g t h s   b a c k  

i n t o   t h e   l e n s   m e a n s   a l o n g   a p p r o p r i a t e   p a t h s   f o r   t h e  

f o c u s i n g   t h e r e o f   on  to  d i f f e r e n t   s e l e c t e d   end  f a c e s   of  t h e  

a f o r e s a i d   c i r c u l a r   a r r a y .  

The  w a v e l e n g t h - s e l e c t i v e   a r r a n g e m e n t   a c c o r d i n g   to  t h e  

i n v e n t i o n   may  a l s o   be  u s e d   as  a  w a v e l e n g t h - s e l e c t i v e  

s w i t c h i n g   d e v i c e   by  a r r a n g i n g   f o r   r e l a t i v e   r o t a t i o n   b e t w e e n  

t h e   w a v e l e n g t h - s e l e c t i v e   f i l t e r   a s s e m b l y   and  the   o p t i c a l  

f i b r e   end  f a c e   a r r a y   a b o u t   t he   o p t i c a l   a x i s   of  the   l e n s  

m e a n s .   By  t h i s   a r r a n g e m e n t ,   l i g h t   of  one  of  a  n u m b e r   o f  

d i f f e r e n t   w a v e l e n g t h s   may  be  s e l e c t i v e l y   a p p l i e d   to  one  o f  

t h e   o p t i c a l   f i b r e   end  f a c e s   of  t he   c i r c u l a r   a r r a y ,   a s  

r e q u i r e d ,   by  a p p r o p r i a t e   a n g u l a r   r o t a t i o n   of  t he   f i l t e r  



a s s e m b l y   or  t he   o p t i c a l   f i b r e   end  f a c e   a r r a y .  

In  c a r r y i n g   o u t   t he   p r e s e n t   i n v e n t i o n ,   the   o p t i c a l  

f i b r e   a s s e m b l y   may  c o m p r i s e   a  c l o s e l y   p a c k e d   b u n d l e   o f  

monomode   or  m u l t i m o d e   o p t i c a l   f i b r e s   c o n v e n i e n t l y   c o n t a i n e d  

w i t h i n   a  t u b u l a r   h o u s i n g   ( e . g .   g l a s s   c a p i l l i a r y   t u b e )   o f  

a p p r o p r i a t e   b o r e   d i m e n s i o n s   f o r   h o l d i n g   the   o p t i c a l   f i b r e s  

in  t h e i r   r e q u i s i t e   p o s i t i o n s   so  t h a t   t h e y   d e f i n e   t h e  

a f o r e s a i d   c o - p l a n a r   end  f a c e   a r r a y   a t   one  end  of  t h e  

t u b u l a r   h o u s i n g .  

The  l e n s   means   p r e f e r a b l y   c o m p r i s e s   a  r o d - s h a p e d   GRIN 

l e n s   w h i c h   s e r v e s   t he   d u a l   f u n c t i o n   of  c o l l i m a t i n g   l i g h t  

r e c e i v e d   f rom  the   o p t i c a l   f i b r e   end  f a c e   a r r a y   and  o f  

f o c u s i n g   l i g h t   r e f l e c t e d   b a c k   f rom  the   w a v e l e n g t h -  

s e l e c t i v e   f i l t e r   a s s e m b l y   on  to  a  s e l e c t e d   end  f a c e   of  t h e  

o p t i c a l   f i b r e   a s s e m b l y .  

The  a r r a n g e m e n t   of  c l o s e l y   p a c k e d   o p t i c a l   f i b r e s   a n d  

t he   use   of  a  c l o s e l y   s t a c k e d   g r o u p   of  w a v e l e n g t h - s e l e c t i v e  

f i l t e r s   in  c o m b i n a t i o n   w i t h   t he   p r e f e r r e d   use  of  a  r o d - l i k e  

GRIN  l e n s ,   e n a b l e s   a  r e l a t i v e l y   s i m p l e ,   c o m p a c t   m u l t i -  

c h a n n e l   m u l t i p l e x e r / d e - m u l t i p l e x e r   of  r e l a t i v e l y   low  c o s t  

and  e a s e   of  m a n u f a c t u r e   to  be  p r o d u c e d ,   h a v i n g   r e l a t i v e l y  

low  l o s s e s   f o r   the   f o l l o w i n g   r e a s o n s : -  

a)  Low  o f f - a x i s   l e n s   a b e r r a t i o n s   due  to  the   use  of  a  

c l o s e l y   p a c k e d   o p t i c a l   f i b r e   a r r a y ;  

b)  I n d i v i d u a l   a n g u l a r l y   p o s i t i o n e d   w a v e l e n g t h - s e l e c t i v e  

f i l t e r s   a re   u s e d ;  



c)  Low  l e n s   a b e r r a t i o n s   due  to  minimum  a m o u n t   o f  

c o l l i m a t i n g   and  f o c u s i n g   c a r r i e d   o u t   f o r   a  g i v e n  

" n u m b e r   o f   c h a n n e l s ;  

d)  Min imum  n u m b e r   of   o p t i c a l   c o m p o n e n t s ;  

e)  S h o r t   o p t i c a l   p a t h   l e n g t h s ;  

f)   E l i m i n a t i o n   of  t he   need   to  c o n n e c t   a  number   o f  

a r r a n g e m e n t s   t o g e t h e r   to  p r o v i d e   t he   d e s i r e d   n u m b e r  

of   c h a n n e l s .  

By  way  of   e x a m p l e ,   an  e m b o d i m e n t   of  t he   i n v e n t i o n   w i l l  

now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g  

in  w h i c h :  

F i g u r e   1  s h o w s   a  d i a g r a m   of  a  m u l t i - c h a n n e l   w a v e l e n g t h  

d i v i s i o n   m u l t i p l e x e r / d e - m u l t i p l e x e r   a r r a n g e m e n t   a c c o r d i n g  

to  t h e   i n v e n t i o n ;   a n d ,  

F i g u r e  2   s h o w s   e n l a r g e d   e l e v a t i o n a l   and  end  v i e w s   o f  

t h e   o p t i c a l   f i b r e   a s s e m b l y   shown  in  t he   a r r a n g e m e n t   o f  

F i g u r e   1 .  

R e f e r r i n g   to   t he   d r a w i n g ,   the   s p e c i f i c   a r r a n g e m e n t  

i l l u s t r a t e d   c o m p r i s e s   a  b u n d l e   of  s e v e n   o p t i c a l   f i b r e s   1  t o  

7  w h i c h   a r e   c l o s e l y   p a c k e d   i n s i d e   t he   b o r e   8  of  a  g l a s s  

c a p i l l i a r y   t u b e   9.  As  can   be  s e e n   f rom  t he   end  v i e w   i n  

F i g u r e   2,  t h e   end  f a c e s   of  t h e   o p t i c a l   f i b r e s   1  to   7  w h i c h  

a r e   c o - p l a n a r   w i t h   one  a n o t h e r   and  w i t h   t he   end  10  of  t h e  

g l a s s   t u b e   9,  d e f i n e   a  c i r c u l a r   a r r a y   w h i c h   c i r c u m v e n t s   a  

s i n g l e   i n n e r   ( i . e .   c e n t r a l )   end  f a c e .   As  w i l l   b e  

a p p r e c i a t e d ,   t h i s   o p t i c a l   f i b r e   a s s e m b l y   is  e x t r e m e l y  

c o m p a c t   a n d ,   m o r e o v e r ,   t h e   a x e s   of  the   o p t i c a l   f i b r e s   1  t o  



6  a r e   s u b s t a n t i a l l y   e q u i d i s t a n t   f rom  the   o p t i c a l   a x i s   o f  

the   c e n t r a l   o p t i c a l   f i b r e   7.  T h i s   l a t t e r   f e a t u r e  

c o n t r i b u t e s   s i g n i f i c a n t l y   to  the   e f f i c i e n c y   of  t h e  

a r r a n g e m e n t   as  w i l l   be  d e s c r i b e d   l a t e r .  

The  c o - p l a n a r   end  f a c e s   of  the   c l o s e l y   p a c k e d   o p t i c a l  

f i b r e s   1  to   7  a r e   a l i g n e d   w i t h   a  s m a l l   d i a m e t e r   r o d - l i k e  

GRIN  l e n s   11  w h i c h   s e r v e s   to  c o l l i m a t e   l i g h t   r e c e i v e d   f r o m  

t h e   end  f a c e   (s)  of  any  of  the   o p t i c a l   f i b r e s   1  to   7.  A t  

t h e   o t h e r   end  of  t he   l e n s   11  a  s t a c k   of  w a v e l e n g t h -  

s e l e c t i v e   d i c h r o i c   f i l t e r s   12  to   17  i s   p r o v i d e d   and  t h e s e  

f i l t e r s ,   e a c h   of  w h i c h   a p p e r t a i n   to  a  d i f f e r e n t   w a v e l e n g t h ,  

a r e   a p p r o p r i a t e l y   t i l t e d   in  d i f f e r e n t   p l a n e s   r e l a t i v e   t o  

t h e   o p t i c a l   a x i s   of  t he   l e n s   11  so  t h a t   any  l i g h t   r e f l e c t e d  

by  t h e   r e s p e c t i v e   f i l t e r s   w i l l   be  f o c u s s e d   by  the   l e n s   11  

on  to  t h e   end  f a c e   of  t he   c e n t r a l   o p t i c a l   f i b r e   7  when  t h e  

a r r a n g e m e n t   is  f u n c t i o n i n g   as  a  w a v e l e n g t h   d i v i s i o n  

m u l t i p l e x e r   and  on  to  d i f f e r e n t   end  f a c e s   of  t he   o p t i c a l  

f i b r e s   1  to   6  when  the   a r r a n g e m e n t   is  f u n c t i o n i n g   as  a  

d e - m u l t i p l e x e r .  

I t   w i l l   be  u n d e r s t o o d   t h a t   d u r i n g   m u l t i p l e x i n g   t h e  

f a r   e n d s   of  t he   r e s p e c t i v e   o p t i c a l   f i b r e s   1  to   6  ( i . e .   i n p u t  

f i b r e s )   may  be  c o u p l e d   to  l i g h t - e m i t t i n g   d i o d e s   p r o d u c i n g  

l i g h t   of  d i f f e r e n t   w a v e l e n g t h s .   The  l i g h t   of  t h e s e  

d i f f e r e n t   w a v e l e n g t h s   e m e r g i n g   from  the  c o - p l a n a r   end  f a c e s  

of  t h e   o p t i c a l   f i b r e s   1  to  6  is  c o l l i m a t e d   by  t he   GRIN  l e n s  

11  and  d i r e c t e d   on  to  the   f i l t e r s   12  to   17.  The  l i g h t  

beams   r e f l e c t e d   back   i n t o   the   l e n s   11  f rom  f i l t e r s   12  to  17 



a r e   a l l   f o c u s e d   on  to  t h e   end  f a c e   of  t he   o p t i c a l   f i b r e   7 

( i . e .   o u t p u t   f i b r e )   and  t he   c o n s e q u e n t i a l   m u l t i p l e x e d  

s i g n a l   may  be  d e t e c t e d   by  a  d e t e c t o r   ( n o t   shown)   ( i n c l u d i n g  

d e - m u l t i p l e x e r )   a t   t h e   f a r   end  of  the   o p t i c a l   f i b r e   7 .  

D u r i n g   d e - m u l t i p l e x i n g   t h e   m i x e d   w a v e l e n g t h   s i g n a l   a r r i v i n g  

on  t h e   o p t i c a l   f i b r e   7  ( i . e .   i n p u t   f i b r e )   is  d i v i d e d   by  t h e  

f i l t e r   a s s e m b l y   i n t o   s i g n a l s   of  t he   i n d i v i d u a l   w a v e l e n g t h s  

and  t h e s e   a r e   f o c u s e d   by  the   GRIN  l e n s   1 1  o n   to  t h e  

r e s p e c t i v e   end  f a c e s   of   t h e   o p t i c a l   f i b r e s   1  to   6  ( i . e .  

o u t p u t   f i b r e s )   w h i c h   w i l l   be  c o n n e c t e d   to  d e t e c t o r s   ( n o t  

s h o w n ) .  

S i n c e   the   c e n t r e s   of   t he   end  f a c e s   of  o p t i c a l   f i b r e s   1 

to   6  a r e   s u b s t a n t i a l l y   e q u i d i s t a n t   f rom  the   c e n t r e   of  t h e  

end  f a c e   of   t he   c e n t r a l   o p t i c a l   f i b r e   7  and  the   d i s t a n c e  

c o n c e r n e d   i s   v e r y   s m a l l   due   to  t he   c l o s e   p a c k i n g   of  t h e  

f i b r e s   in  t he   g l a s s   t u b e   9  t h e   a r r a n g e m e n t   is   p a r t i c u l a r l y  

e f f i c i e n t   s i n c e   t h e   GRIN  l e n s   11  c a p t u r e s   a l l   t he   r e f l e c t e d  

l i g h t   f rom  the   f i l t e r s   12  to   17  w h i c h   d o e s   no t   o c c u r   i n  

c o n v e n t i o n a l   l i n e a r   o p t i c a l   f i b r e   a r r a y   m u l t i p l e x e r s /  

d e - m u l t i p l e x e r s   u s i n g   d i c h r o i c   f i l t e r s   due  to  t he   g r e a t e r  

f i l t e r   a n g l e s   w h i c h   a r e   n e c e s s a r y .   M o r e o v e r ,   a l l   of  t h e  

r e f l e c t e d   l i g h t   f o c u s e d   by  the   l e n s   1 1  o n   to  t he   f i b r e   e n d  

f a c e s   w i l l   be  w e l l   w i t h i n   t he   cone   of  a c c e p t a n c e   of  t h e  

p a r a l l e l   o p t i c a l   f i b r e s   1  t o   7.  S t i l l   f u r t h e r ,   the   r e d u c e d  

a n g l e s   of  t i l t   of  t h e   w a v e l e n g t h - s e l e c t i v e   f i l t e r s   e n a b l e s  

t h e s e   to  be  s t a c k e d   more  c l o s e l y   t h e r e b y   e n a b l i n g   t h e  

d i s t a n c e   of  t he   f i l t e r   17  w h i c h   is  f u r t h e s t   f rom  the   l e n s  



11  to  be  r e d u c e d   and  t h e r e b y   r e d u c e   o p t i c a l   l o s s e s .  

I t   w i l l   a l s o   be  a p p r e c i a t e d   f rom  the   a r r a n g e m e n t  

i l l u s t r a t e d   t h a t   i t   c o n s i s t s   of  few  c o m p o n e n t s   and  a l l   o f  

t h e s e   a r e   r e l a t i v e l y   c h e a p   and  s i m p l e   to  m a n u f a c t u r e   a n d ,  

m o r e o v e r ,   t he   l e n g t h s   of  the   o p t i c a l   p a t h s   t h r o u g h   t h e  

a r r a n g e m e n t   a r e   k e p t   to  a  m i n i m u m .  



1.  An  o p t i c a l   w a v e l e n g t h - s e l e c t i v e   a r r a n g e m e n t   c o m p r i s i n g  

an  o p t i c a l   f i b r e   i n p u t / o u t p u t   a s s e m b l y   f o r m e d   by  a  

p l u r a l i t y   of   o p t i c a l   f i b r e s   h a v i n g   c o - p l a n a r   end  f a c e s   i n  

c l o s e   p r o x i m i t y   w i t h   one  a n o t h e r   and  d e f i n i n g   a  c i r c u l a r   o r  

s i m i l a r   a r r a y   and  an  end  f a c e   c i r c u m v e n t e d   by  s a i d   c i r c u l a r  

a r r a y ,   l e n s   m e a n s   o p t i c a l l y   a l i g n e d   w i t h   t he   end  f a c e s   o f  

t h e   o p t i c a l   f i b r e s   f o r   c o l l i m a t i n g   l i g h t   e m e r g i n g   f rom  a n y  

of   s a i d   end  f a c e s   or   f o r   f o c u s i n g   l i g h t   on  to  s e l e c t e d  

o p t i c a l   f i b r e   end  f a c e s   a n d  a   g r o u p   of  w a v e l e n g t h - s e l e c t i v e  

f i l t e r s   l o c a t e d   on  t he   s i d e   of  the   l e n s   means   r e m o t e   f r o m  

t h e   a r r a y   of  o p t i c a l   f i b r e   end  f a c e s   and  i n d i v i d u a l l y  

a n g u l a r l y   p o s i t i o n e d   r e l a t i v e   to  the   o p t i c a l   a x i s   of  t h e  

l e n s   m e a n s   so  as  to  c a u s e   l i g h t   of  d i f f e r e n t   w a v e l e n g t h s  

e m e r g i n g   f rom  t h e   l e n s   means   to  be  s e l e c t i v e l y   r e f l e c t e d  

b a c k   t h r o u g h   the   l a t t e r   and  f o c u s e d   t h e r e b y   on  to  one  o r  

more   s e l e c t e d   end  f a c e s   of   t h e   o p t i c a l   f i b r e s .  

2.  An  o p t i c a l   w a v e l e n g t h - s e l e c t i v e   a r r a n g e m e n t   as  c l a i m e d  

in  c l a i m   1,  in  w h i c h   t he   o p t i c a l   f i b r e   a s s e m b l y   c o m p r i s e s   a  

c l o s e l y   p a c k e d   b u n d l e   of  monomode  or  m u l t i m o d e   o p t i c a l  

f i b r e s   c o n v e n i e n t l y   c o n t a i n e d   w i t h i n   a  t u b u l a r   h o u s i n g   o f  

a p p r o p r i a t e   b o r e   d i m e n s i o n s   f o r   h o l d i n g   the  o p t i c a l   f i b r e s  

in  t h e i r   r e q u i s i t e   p o s i t i o n s   so  t h a t   t h e y   d e f i n e   t h e  



a f o r e s a i d   c o - p l a n a r   end  f a c e   a r r a y   a t   one  end  of  t h e  

t u b u l a r   h o u s i n g .  

3.  An  o p t i c a l   w a v e l e n g t h - s e l e c t i v e   a r r a n g e m e n t   as  c l a i m e d  

in  c l a i m   2,  in  w h i c h   the   t u b u l a r   h o u s i n g   c o m p r i s e s   a  g l a s s  

c a p i l l i a r y   t u b e .  

4.  An  o p t i c a l   w a v e l e n g t h - s e l e c t i v e   a r r a n g e m e n t   as  c l a i m e d  

in  any  p r e c e d i n g   c l a i m ,   in  w h i c h   the   l e n s   means   c o m p r i s e s   a  

rod   s h a p e d   GRIN  l e n s   w h i c h   s e r v e s   t he   d u a l   f u n c t i o n   o f  

c o l l i m a t i n g   l i g h t   r e c e i v e d   f rom  the   o p t i c a l   f i b r e   end  f a c e  

a r r a y   and  a  f o c u s i n g   l i g h t   r e f l e c t e d   b a c k   f rom  t h e  

w a v e l e n g t h - s e l e c t i v e   f i l t e r   a s s e m b l y   on  to  a  s e l e c t e d   e n d  

f a c e   of   t he   o p t i c a l   f i b r e   a s s e m b l y .  

5.  An  o p t i c a l   w a v e l e n g t h   d i v i s i o n   m u l t i p l e x e r /  

d e - m u l t i p l e x e r   a r r a n g e m e n t   i n c l u d i n g   an  o p t i c a l   w a v e l e n g t h -  

s e l e c t i v e   a r r a n g e m e n t   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,   i n  

w h i c h   t he   l i g h t   of  d i f f e r e n t   w a v e l e n g t h s   e m e r g i n g   from  t h e  

r e s p e c t i v e   o p t i c a l   f i b r e   end  f a c e s   d e f i n i n g   the   c i r c u l a r  

a r r a y   i s   a r r a n g e d   to  be  c o l l i m a t e d   by  the   l e n s   means   a n d  

d i r e c t e d   on  to  t he   g r o u p   of  a n g l e d   w a v e l e n g t h - s e l e c t i v e  

f i l t e r s   w h i c h   w i l l   r e f l e c t   the   l i g h t   of  d i f f e r e n t  

w a v e l e n g t h s   back   i n t o   the   l e n s   means   in  a p p r o p r i a t e  

d i r e c t i o n s   r e l a t i v e   to  the  o p t i c a l   a x i s   of  the   l e n s   m e a n s  



and  f o c u s e d   by  t h e   l e n s   means   on  to  the   a f o r e s a i d  

c i r c u m v e n t e d   o p t i c a l   f i b r e   end  f a c e ,   t he   l i g h t   of  m i x e d  

w a v e l e n g t h s   e m e r g i n g   f rom  t he   c i r c u m v e n t e d   o p t i c a l   f i b r e  

end  f a c e   in  a  d e - m u l t i p l e x i n g   o p e r a t i o n   b e i n g   c o l l i m a t e d   b y  

t h e   l e n s   m e a n s   and  d i r e c t e d   on  to  t he   g r o u p   of  w a v e l e n g t h  

s e l e c t i v e   f i l t e r s   w h i c h   w i l l   r e s p e c t i v e l y   r e f l e c t   l i g h t   o f  

d i f f e r e n t   w a v e l e n g t h s   back   i n t o   the   l e n s   means   a l o n g  

a p p r o p r i a t e   p a t h s   f o r   t he   f o c u s i n g   t h e r e o f   on  to  d i f f e r e n t  

s e l e c t e d   end  f a c e s   of  t he   a f o r e s a i d   c i r c u l a r   a r r a y .  

6.  A  w a v e l e n g t h - s e l e c t i v e   s w i t c h i n g   d e v i c e   c o m p r i s i n g   a n  

o p t i c a l   w a v e l e n g t h - s e l e c t i v e   a r r a n g e m e n t   as  c l a i m e d   in  a n y  

of  c l a i m s   1  to   4,  in  w h i c h   means   is  p r o v i d e d   f o r   p r o d u c i n g  

r e l a t i v e   r o t a t i o n   b e t w e e n   t he   w a v e l e n g t h   s e l e c t i v e   f i l t e r  

a s s e m b l y   and  the   o p t i c a l   f i b r e   end  f a c e   a r r a y   a b o u t   t h e  

o p t i c a l   a x i s   of  t he   l e n s   means   w h e r e b y   l i g h t   of  one  of  a  

n u m b e r   of   d i f f e r e n t   w a v e l e n g t h s   may  be  s e l e c t i v e l y   a p p l i e d  

to  one   of   t h e   o p t i c a l   f i b r e   end  f a c e s   of  t he   c i r c u l a r   a r r a y  

as  r e q u i r e d   by  a p p r o p r i a t e   a n g u l a r   r o t a t i o n   of  the   f i l t e r  

a s s e m b l y   or   t h e   o p t i c a l   f i b r e   end  f a c e   a r r a y .  
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